We assessed the efficacy of an individual-based behavioral intervention on sexually transmitted infections' (STI) risk-reduction behaviors in Singapore. A randomized controlled trial of a behavioral intervention compared to usual care was conducted on sexually active heterosexual adolescents aged 16-19 years attending the only public STI clinic. The intervention included two on-site skills-based sessions targeting individual, relational and environmental influences on sexual behaviors, followed by online support. Participants were assessed at baseline and 6-month follow-up. Primary outcomes were self-reported abstinence, number of partners and consistent condom use for vaginal sex. We recruited 337 adolescents to the intervention and 351 to usual care (controls). Fifty-nine percent of intervention participants and 53% of controls completed follow-up. Young men [adjusted risk ratio (RR) 2.03; 95% CI, 1.25-3.30], but not young women, in the intervention were more likely than controls to report secondary abstinence. More non-abstinent young women in the intervention than controls kept to one partner (adjusted RR, 1.25; 95% CI, 1.04-1.50) compared to no differences in young men. There was no intervention effect on consistent condom use in both genders. Skill-based intervention can promote abstinence in young men and keeping to one partner in young women in a clinic setting.
Introduction
Adolescents are experiencing the most rapid increase in sexually transmitted infections (STIs) worldwide [1] . Safer sexual practices have been shown to reduce STIs among them [2] . Intervening early during adolescence has also been found to influence their sexual behaviors positively during adulthood [2] . Many interventions for adolescents in Western countries [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] found mixed results ranging from an impact on condom use and partner reduction, [3, 6, 7, 9, 12] and STIs [3, 7, 9] to little or no impact [5, 8, 11, 13] .
More than 50% of the adolescents in the world live in Asia [15] . Recent surveys in Thailand [16] , Taiwan, China and Vietnam [17] reported an increase in sexual initiation and unprotected intercourse among them than adults. Presently, South and Southeast Asia report the largest number of new STIs in the world. We need to develop and evaluate interventions to reduce adolescents' risky sexual behaviors in this region. Data are lacking on such trials in Asia probably because of the cultural sensitivity of the topic, practical issues and infeasibility in accessing sexually active adolescents in the region. The few published trials that were conducted, mainly in schools in the Philippines [18] and Thailand [19, 20] , found no impact, except for a reduction in the frequency of intercourse in the latter [19] . The study in the Philippines [18] was a cluster randomized controlled trial (RCT) conducted on 845 high school students to evaluate a comprehensive theory-based AIDS prevention program aimed at providing them with accurate information about AIDS, fostering positive attitudes towards HIV-infected persons and developing their skills in sexual risk reduction. The 12-lesson intervention program, developed by public high school teachers together with local health experts, social scientists and health educators was successful in increasing AIDS-related knowledge. However, there was no impact on intended preventive behaviors such as intention to use condoms, plans to have only one sex partner and plans to refuse sex under the influence of alcohol. The authors attributed the ineffectiveness of the intervention in changing intended preventive behaviors to the lack of comfort and skills of teachers in delivering the lessons, insufficient student participation and lack of attention on skills training to resist peer pressure. This study did not assess change in sexual behaviors such as abstinence and condom use. In Thailand, Thato et al. [19] developed and assessed the impact of a comprehensive culturallysensitive theory-based sex education program on a convenience sample of 261 adolescent school children aged 13-18 years in the intervention and comparison group respectively. The intervention led to lower levels of self-reported sexual intercourse and delay in sexual initiation but there was no impact on condom use. This study might be limited by the small sample size because less than 11% of the intervention participants were sexually active, In addition, this group of high school adolescents might not represent the priority at-risk group given that only a small proportion of them were sexually active. Only one trial was conducted in a clinic setting where the target group was perinatally infected HIV-infected adolescents receiving HIV care at two hospitals in Thailand [21] . The intervention focused on increasing their HIV knowledge, developing their coping skills, reducing their sexual risk behaviors and helping them to achieve their life goals.
A small number of 32 participants out of the 197 participants who did not attend any of the 4 intervention sessions were categorized as non-intervention (control) participants. The intervention led to an increase in HIV knowledge and attitude scores at six months post-intervention but there was no impact on abstinence and condom use. This study might be affected by selection bias because participants were not randomized to the control or intervention group. Additionally, as only 5% of the 197 participants were sexually active at baseline, the study might not have the statistical power to detect a change, if any, in sexual risk reduction.
We need to arrest the rise in risky sexual behaviors among adolescents in Asia urgently by implementing interventions beyond schools to STI clinic settings in order to reach the core group of sexually active adolescents who are at high risk for acquiring and transmitting STIs. STI interventions for adolescents in clinic settings in the West [6, 7, 9] may not be transferable to adolescents in Asia. Most of these interventions focused on promoting condom use probably because of the ineffectiveness of promoting abstinence as the only [22] or main strategy [23, 24] . Promoting condom use alone without emphasizing abstinence may not be accepted in some Asian countries because of the concern that it may encourage premarital sex which is often viewed as immoral [16] . We assessed the efficacy of an individual-based behavioral intervention to promote abstinence and safer sexual behaviors such as consistent condom use and partner reduction among sexually active heterosexual adolescents attending the only public STI clinic in Singapore. We hypothesized that the intervention would increase abstinence and condom use, and reduce the number of partners compared to the usual STI prevention program.
Materials and methods
We conducted a RCT with 1:1 allocation ratio to compare participants receiving the new intervention with the usual care program (controls) at 6-month follow-up. Study participants were never married M. L. Wong et al.
sexually active heterosexual adolescents attending the only public Department of STI Control (DSC) clinic for screening or treatment of STIs in Singapore. Singapore has a small population of about 3.8 million citizens, with the majority (74.2%) being Chinese, 13.3% Malays and 9.1% Indians [25] . About 80% of adolescents with reportable STIs attend this clinic. Eligibility criteria included being Singaporean citizen or permanent resident, aged 16-19, first-time attendees and being sexually active in the last six months.
The assessors used a screening questionnaire to determine the adolescents' eligibility for the study. The study was explained and adolescents were only assigned the study condition after they consented to participate in the study by signing the consent form (age of consent in Singapore: 16 years or older). As between 1 and 5 (median 1; interquartile range: 1-2) eligible adolescents attended the clinic daily, diffusion of intervention effects might occur due to them congregating and communicating with each other while waiting at the clinic. To reduce contamination bias, we randomized days [26] rather than individuals so that participants attending the clinic on the same day would be allocated to the same study group. The randomization sequence, using computerized non-deterministic algorithm, was prepared prior to enrolment of study participants. The study was approved by the Singapore National Healthcare Group Domain Specific Review Board: DSRB: E/09/073.
Intervention
The intervention, consisting of 3 sessions, aimed to develop adolescents' confidence and skills in negotiating and practicing abstinence and condom usage. We applied Green's PRECEDE PROCEED framework [27] , Bandura's self-efficacy theory [28] , findings from local studies on premarital intercourse [29] and condom use [30] to identify the most important modifiable factors to change adolescents' risky sexual behaviors. We also obtained inputs from social workers, psychologists, youth workers and religious leaders in the development of the intervention and continuous quality improvement principles were incorporated into the intervention to identify teething problems to continually improve the program.
The counselors were social workers, nurses and preventive medicine doctors who were not staff of the STI clinic. They were trained on behavioral strategies and motivational interviewing by the principal investigator (PI: MLW). To maintain fidelity to the intervention, counselors received a training manual with a clearly defined protocol for each session. The PI also held regular meetings with the counsellors throughout the intervention period to discuss problems encountered. The chief counselor monitored the work of the counsellors and monthly progress reports were reviewed to ensure protocol adherence. The first session, held at the time of enrolment, focused on getting participants to self-reflect on the influences on their risk behaviors, and educating them on STIs/HIV using interactive flipcharts and videos depicting real life stories [29] . They were also encouraged to discuss their views on love, sex and self-respect. The second session, held after two weeks, adopted motivational interviewing to help participants set goals on sexual abstinence or being faithful to one partner and consistent condom usage. They were trained in skills on negotiating for sexual abstinence and condom usage using role play; and on condom application using a model aid. Practical tips from their peers on how to abstain by using distraction strategies such as engaging in sports or fun activities, giving excuses and avoiding triggers to sex such as drinking were also shared with them. Tips on how to assert in a firm but nice way to say no to sex were also shared. The third session was an online chat or telephone session held 2 months later to provide further counseling and emotional support in boy girl relationships or other concerns raised by the adolescents. When smartphones became popular after 2010, we used the texting app 'WhatsApp' or SMS to counsel them depending on their preference. Outreach counseling was conducted for those (20%) who declined to return for follow-up at the clinic due to inconvenience or stigma, or were not able to attend the sessions during clinic opening hours.
Abstinence, safer sex intervention for adolescents
The controls received the routine usual care from the health counselors at DSC. In the first session, all adolescents were counseled on STIs/HIV prevention. Adolescents diagnosed with STIs were treated and given a second counseling session two weeks later. Those who tested negative were notified of the test results through SMS and were not required to attend further counseling.
Measures
Primary outcomes included consistent condom use, secondary abstinence and number of sexual partners in the last 6 months. Secondary abstinence for vaginal sex was defined as ever had sex before the intervention but not in the past 6 months post-intervention. It was assessed by the question 'How many times did you have vaginal sex in the last 6 months?' Those who responded 'zero' was defined as secondary abstinence. Consistent condom use was assessed by asking, 'How often did you use a condom for vaginal sex in the last 6 months?' Participants who responded 'Yes, always' were defined as consistent condom users, whereas those who responded 'Yes, sometimes', 'No, not at all' and 'Can't remember' were defined as inconsistent condom users. The secondary outcome was incident acute STIs defined by laboratory tests for gonorrhea, chlamydia, trichomoniasis, syphilis and herpes simplex infection (Type II).
Data collection
An independent group of trained assessors, who were blinded to the group assignment, provided both study groups with a printed self-administered questionnaire at baseline and 6-month follow-up. To avoid contamination bias at follow-up, the intervention and study groups were given different time appointments. To reduce social desirability bias, participants were assured that their responses were confidential and that code numbers rather than personal identifiers would be used on the questionnaires. We also acknowledged their difficulties in practicing safer sex and stressed the importance of responding honestly because their responses would be used for program improvement. Frequency-based questions were used to assess sensitive topics. Instead of asking a leading question 'Did you abstain from sex?' we asked 'How many times did you have vaginal sex?'
Sample size
Consistent condom use for vaginal intercourse was used to compute sample size. Based on an estimated 1.7 fold relative increase in the proportion of consistent condom use in the intervention (34%) to the control group (20%) after 6 months post-intervention, a two-sided confidence level of 95% and power of 80%, a sample of 157 adolescents per group was required. As we estimated an attrition of 50% at 6-month follow-up, based on follow-up data in routine care, we computed the final sample size to be 314 per group.
Statistical analyses
To statistically determine the effect of the intervention, we compared change in outcomes between the control and intervention groups, adjusting for baseline differences. As preliminary analysis detected gender differences in outcomes, we also conducted gender-stratified analysis. To assess the effect size of the intervention, we used Poisson regression model to compute the crude and adjusted risk ratios (RR) of the intervention to the control group. Chi-square tests were used to compare categorical variables and Mann-Whitney U test for continuous variables.
We used both complete case analysis, in which only participants with outcome data at 6-month follow-up were analyzed, and intention-to-treat analysis with imputed data for missing outcomes due to attrition to assess robustness of findings. For the intent-to-treat approach, we conducted sensitivity analyses using imputations to assess the potential effect of missing data. These include (i) worst-case scenario with all those who dropped out as having negative outcomes and (ii) appropriate multiple M. L. Wong et al.
imputation with ethnicity, residence, educational level, age, smoking, drinking alcohol and age of sex initiation imputed as covariates. Analyses were performed using Stata statistical software, version 14 [31] .
Results
Between November 2009 and October 2014, we screened 1068 adolescent patients, of which 688 (75.8%) out of 908 eligible adolescents participated in the study (Fig. 1) . The participants and non-participants did not differ significantly in age (P ¼ 0.687), gender (P ¼ 0.103) and ethnicity (P ¼ 0.849). We recruited 337 adolescents to the intervention and 351 to the control group. Both groups were comparable for baseline demographic characteristics, sexual behaviors and STI prevalence rates. However, significant gender differences were observed for consistent condom use in both study groups, with more young men than young women reporting consistent condom use at baseline (P < 0.001, Table I ).
More than half (59%) of the participants (93 young men, 105 young women; total: 198) in the intervention group and 53% of participants (89 young men, 98 young women; total: 187) in the control group completed the 6-month follow-up ( Fig. 1 ) with no significant difference in attrition rates between groups (P ¼ 0.352). Of those lost to follow-up, 49.2% of intervention participants and 51.6% of controls were not contactable due to Abstinence, safer sex intervention for adolescents Table I . Characteristics of intervention and control groups at baseline and at 6-month follow-up 
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change in phone numbers. With the exception of less young Malay women in the intervention than the control group (P ¼ 0.051), both groups were comparable for socio-demographic characteristics at follow-up. Participants' attendance for the first two sessions was high (100%; 80%); 67% completed all three sessions. At 6-month follow-up, the intervention participants were 1.7 times more likely than the controls to report secondary abstinence (adjusted RR; 1.70, 95% CI 1.18-2.45) at follow-up. (Table II) On stratifying by gender, the effect on secondary abstinence was found in young men (adjusted RR, 2.03; 95% CI 1.25-3.30) but not in young women (21.9 versus 15.3%, P ¼ 0.234). There was also a significant dose-response relationship, with an increase in abstinence rates among young men receiving all three sessions compared to those receiving attending one or two sessions (chi square trend, P < 0.001, not in Table) . Among those young men who abstained, more than half (58%) used to engage in sex with casual partners (36%) or sex workers (22%). Among the young women however, almost all (92%) of them reported sex with boyfriends and only 8% with casual partners at follow-up.
The intervention participants were also more likely than the controls to report keeping to one partner (adjusted RR, 1.21; 95% CI 1.02-1.43) at follow-up. Upon stratification by gender, there was no intervention effect on the young men with similar proportions in both groups reporting having one partner (53.5 versus 51.5%, P ¼ 0.664). For the young women however, a significant effect was found, with the majority (82.9%) in the intervention group reporting having only one partner compared to 68.2% in the controls (adjusted RR, 1.25; 95% CI 1.04-1.50). There was no intervention effect on consistent condom use for vaginal sex overall (adjusted RR, 1.37; 95% CI 0.96-1.96, P ¼ 0.086) and when stratified by gender. The overall incident STI rate was lower in the intervention group than the control group, but it did not achieve statistical significance (intervention group: n ¼ 18, 9.9%, controls: n ¼ 24, 13.4%, P ¼ 0.297, RR: 0.71, 95% CI 0.41-1.28). Stratification by gender also showed lower but not statistically significant rates in the intervention group for young men (8 versus 10.7%, P ¼ 0.549) and young women (11.6 versus 16.8%, P ¼ 0.299), respectively.
In sensitivity analyses (Table III) , the statistically significant effect of the intervention on abstinence for young men was maintained with the effect size being similar on using worst-case imputation and being slightly lower with multiple imputation. For young women, the significant effect size on keeping to one partner also remained similar on using worstcase imputation and multiple imputation.
Discussion
Following the delivery of an abstinence and safer sex intervention to sexually experienced adolescent clinic attendees, young men in the intervention group were twice as likely than the usual care group to report secondary abstinence. For young women, the intervention group was almost 1.3 times more likely than the controls to keep to one sex partner only. The observed intervention effect is unlikely to be wholly due to Hawthorne effect because the usual care group also received the same attention from the caring clinic counselors and assessors. The effectiveness of the intervention is unlikely to be wholly due to the effect of participating in a study [32] because of the differential gender effect on abstinence and partner reduction. If it is due to study effect, the outcomes should go in the same direction for both genders. Other findings that support the efficacy of the intervention are the magnitude of the effect and the dose response relationship, with increasing abstinence rates among those attending more sessions.
The application of a theoretical framework and findings from local needs assessment to develop the behavioral intervention could have contributed to its success. The new intervention adopted motivational interviewing and skills training to negotiate and practice abstinence and safer sex, and provided reinforcement sessions to both STI positive and negative patients, unlike the usual care program which provided one follow-up session to the STI positives only.
Abstinence, safer sex intervention for adolescents Table II . Change in outcomes from baseline to 6-month follow-up in the intervention and control groups 
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The strong intervention effect on secondary abstinence in young men but not in young women could be because more young men had stopped engaging in sex with sex workers and casual partners. Young men, being the ones who often initiated sex [16] , would have better control in curbing this behavior with the strategies learnt from the intervention. In contrast, almost all the young women reported sex with boyfriends. It would be more difficult for them to refuse sex with their boyfriends because they perceived sex as a way to convey love [29] and trust. The ineffectiveness of the intervention to increase condom use might be due to reduced pleasure for the young men. This was reported as the main reason for not using condoms by 34% of the young men in the intervention group.
One study limitation is the low follow-up rate of around 60%. Similar low follow-up rates have been reported in trials on one-to-one behavioral STI intervention [11] and health promotion [33] for adolescents in clinic settings in United States. The low retention rate is unlikely to be due to treatment assignment because the dropout rates and reasons for dropout were similar in both groups. Missing data from loss to follow-up might affect our interpretation on the intervention effects. However, sensitivity analyses yielded similar results. The assessment of incident laboratory-confirmed STIs is a methodological strength but the statistical power of the effect estimate was limited by the small sample size. Our 5-year study was powered to detect effect estimates in behavioral indicators, our primary outcomes, but not incident STIs because of the small number of adolescent patients attending the clinic. Future studies, using STIs particularly as a primary outcome indicator, should be carried out on larger samples in clinic settings in other Asian countries. Our study in a STI clinic-based sample limits the generalizability of the findings to the general adolescent population. However, our trial meets an urgent need because it is targeted at high-risk adolescents, of whom 80% with notifiable STIs attend the public STI clinic. Sets 1 and 2 are the results of the intention-to-treat analyses (ITT). For set 1, all the missing outcomes in both groups were assigned poor outcomes. For Set 2, the covariates obtained from baseline were used to impute the outcome variables.
Abstinence, safer sex intervention for adolescents To our knowledge, this is the first RCT in Asia that is conducted on sexually active adolescents in a clinic setting. This is also one of the few trials [3, 14] that examine gender effects. As our study compared the new intervention with usual care rather than with a group with no STI prevention intervention, the outcome differences between the groups might be underestimated, thus giving a more conservative estimate of the intervention effect. However, the strength of comparing the new intervention with usual care is that we are testing a relevant public health question aimed at improving existing health services.
This trial differs from the few trials [9, 14] on sexually active adolescents in clinic settings in one important aspect-the strong two-fold intervention effect on secondary abstinence among young men at 6-month follow-up. A smaller effect (unadjusted risk ratio: 1.27) of secondary abstinence was reported in St Lawrence's study on sexually active African American adolescents in a health center albeit at 12-month follow-up [14] . As gender-specific analysis was not reported in the analysis, it is unclear whether the effect differed by gender. A meta-analysis of HIV reduction trials on adolescents mainly in school or community settings in United States also found a smaller 1.2 effect size on abstinence [23] . The strong effect on secondary abstinence in young men in our intervention might be explained by differences in intervention activities and socio-cultural characteristics and partner type of the adolescents. In addition to providing other safer sex alternatives, our intervention emphasized self-reflection and the sharing of practical tips on abstinence gathered from their peers. As about half of their partners were casual partners or sex workers, it is probably easier to abstain from sex with these partners than with girlfriends where there is an emotional attachment. The partner types were not reported in St Lawrence's study.
Conclusion
The intervention, compared to usual care, led to a significant effect on abstinence in young men and keeping to one partner in young women. An intervention like this that integrates needs assessment with motivational interviewing and skills training to reduce sexual partners, as well as to negotiate and practice abstinence could help patient educators in clinic settings to increase public health impact on risky sexual behaviors. Resources should be made available for additional and enhanced counseling. The strong effect on secondary abstinence is promising. Future research should test this effect in other Asian countries and among Asian adolescents who study abroad or reside outside Asia.
